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ABSTRACT 

Raloxifene loaded gellan gum nanoparticles were prepared using emulsion cross linking method.  

A central composite design was applied to optimize the concentration of gellan gum, di-octyl 

sodium sulfosuccinate (AOT) and raloxifene to obtain an optimum formulation of gellan gum-

raloxifene nanoparticles. The percentage of encapsulation, particle size and zetapotential were 

taken as response variables. A second order polynomial equation obtained from the regression 

analysis of the data was used to find the optimum level of the variables. The optimum 

concentrations were found to be gellan gum 1.31%, w/v, AOT 9.88%, w/v, raloxifene HCl 

(Drug) 1.08%, w/v. The optimized nanoparticle preparation showed 97% encapsulation, 256 nm 

particle size and zetapotential of -49 mV. 

Keywords: Polymer Nanoparticles, Biopolymer, Gellan Gum, Sphingomonas Paucimobilis, 

Drug Delivery, Raloxifene HCl. 
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INTRODUCTION 

Gellan gum is an anionic heteropolysaccharide produced by Sphingomonas paucimobilis under 

aerobic fermentation
1
. Gellan have wide applications in food and pharmaceutical industries as 

thickening, binding and emulsifying agent. Gellan is used as a vehicle for ophthalmic 

preparations
1,2

 and other sustained release pharmaceutical preparations viz. coated tablets & 

capsules
4,5

, implants
6
,
 
microspheres

7
, beads

8
, and cross linked hydrogels for tissue engineering 

scaffols
9
. Gellan forms firm, hard, and brittle gels, with gelation being dependent on the type of 

cation, ionic strength, temperature, and polymer concentration
10

. Gellan gum has been studied 

extensively for its use in several pharmaceutical dosage forms but studies related to the 

application of gellan in nanoparticle systems are very limited. Biodegradable polymeric 

nanoparticles exhibit various advantages for cancer therapy as they have been proved to lower 

systemic toxicity by providing a protective housing for the drugs which limits its interaction with 

the healthy cells
11-14

. They also increase drug efficacy, bioavailability, retention time, specificity, 

tolerability, therapeutic index and intracellular penetration of the encapsulated drugs
15

.  Other 

potential advantages of polymeric nanoparticles include prolonged bioactivity, patient 

compliance due to reduction in administration frequency, protection of premature degradation of 

the drug, improved absorption into a selected tissue and the ability to code liver multiple drugs 

with synergistic effects to a particular tissue
15-17

.   

Raloxifene HCl has poor water solubility and is classified by Biopharmaceutics Classification 

System (BCS) under Class II drugs
18

. It has very low bioavailability of 2% due to low aqueous 

solubility and extensive first pass metabolism
19

. Raloxifene is a selective estrogen receptor (ER) 

modulator that acts as an estrogen agonist in bone and serum lipids; acts as an antagonist at 

estrogen receptors in breast and uteri.  It has been recommended for use to reduce the prevalence 

of ER-positive breast cancer and for the treatment of postmenopausal osteoporosis
20

. Raloxifene 

was shown to inhibit the proliferation of breast cancer cell line MCF-7 
21

, inhibit the growth of 

RT4 urothelial carcinoma cells through ER-dependent induction of apoptosis indicative of its 

possible use in the treatment of bladder cancer
22

, prevent capase-3-dependent apoptosis in human 

chondrocytes
23

, induce apoptosis in multiple myeloma cells
24

.   

The nanoparticle based delivery systems for raloxifene are limited with few previous reports 

about solid lipid nanoparticles
25

, raloxifene nanoparticles prepared using rapid expansion of 

supercritical system
26

, raloxifene loaded solid dispersion nanoparticles
27

 and raloxifene loaded 

nanoparticles using synthetic aliphatic polyesters
28

 to improve the solubility of raloxifene. We 
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have recently reported the preparation of gellan gum-raloxifene nanoparticles using emulsion 

cross linking method (Prakash et al., 2014). 

In the present study we report the optimization of formulation variables namely concentration of 

gellan gum and AOT along with the percentage of drug loading to get a better gellan gum-

raloxifene nanoparticles system. Three independent variables of concentration of gellan, di-octyl 

sodium sulfosuccinate and drug were studied for their influence on dependent variables particle 

size, zeta potential and % encapsulation. Multiple response simultaneous optimizations using the 

desirability function were then used to find experimental conditions in which the system shows 

the most adequate results.  

MATERIAL AND METHODS 

Materials 

Gellan gum was produced by a recombinant Sphingomonas paucimobilis strain developed in our 

laboratory. Di-octyl sodium sulfosuccinate (AOT), methylene chloride, isopropyl alcohol and 

mannitol were purchased from Sigma-Aldrich. Raloxifene hydrochloride was obtained from 

Orchid chemical and pharmaceutical Ltd, Chennai, India as gift sample. All other chemicals used 

were of reagent grade.  

Methods 

Production, isolation and purification of gellan gum 

Gellan gum was produced by recombinant Sphingomonas paucimobilis in a 5L fermentor 

(Solaris, Italy) with a working volume of 3L and the conditions were maintained as described in 

our previous work
1
. Gellan gum was recovered using the method described previously

30
 with 

modification. The fermented broth was diluted ten-fold with distilled water to reduce viscosity, 

heated for 15 minutes and cooled then pH was adjusted to 10 followed by heating in a constant 

water bath for 10 minutes. The heated broth was cooled; pH was brought down to 7 and 

centrifuged at 10000 rpm for 1 hour to separate the cells. Gellan was recovered from supernatant 

heated to 95°C by precipitation with three volumes of isopropanol. The precipitate was then 

washed with large volume of isopropanol and freeze dried; the above steps were repeated two 

times to remove fermentation residues. Dried gellan was dissolved in deionized water (1%, w/v), 

1% KCl and the solution was heated to 95°C. The polymer was recovered by precipitation with 

three volumes of isopropanol followed by centrifugation at 10000 rpm for 1 hour and freeze 

dried. 
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Experimental design 

A central composite design was applied to determine the optimum concentration of three 

significant variables selected as formulation variables on the basis of previous trials studied. The 

effect of variables concentration of the polymer (gellan gum) (X1), amount of AOT (X2) and 

percentage of drug loading (X3) on gellan gum nanoparticles formulation was studied at three 

experimental levels (i.e.−1, 0, +1). The central point (0, 0, 0) was studied in sextet.  The 

experimental level for these variables was selected from our preliminary work, which indicated 

that an optimum could be found within the level of parameter studied. Encapsulation efficiency 

(Y1), particle size (Y2) and zeta potential (Y3) were taken as response variables. The levels of 

factors used for experimental design are given in table 1. The actual level of each factor was 

calculated by the following equation
31

: 

Table 1: Levels of factors chosen for central composite design. 

  Levels 

Low                           high 

Factor Name -1 +1 

X1 Gellan gum (%, w/v) 0.1 1.0 

X2 AOT (%, w/v) 1.0 10.0 

X3 Raloxifene HCl (%, w/v) 0.1 1.0 

Coded value =       (1) 

All other formulation and processing variables were kept invariant throughout the study. 

Encapsulation efficiency (Y1), particle size (Y2) and zeta potential (Y3) were analyzed by using 

second-order polynomial equation. Polynomial models including interaction and quadratic terms 

were generated for all the response variables using multiple linear regression analysis (MLRA) 

approach. The general form of the MLRA model is represented as Eq. (2) 

Y= β0+ β1X1+ β2X2+ β3X3+ β4X1X2+ β5X1X3+ β6X2X3+ β7  +β8 + β9    (2) 

Where β0 is the intercept representing the arithmetic average of all quantitative outcomes of 20 

runs β1 to β9 are the coefficients computed from the observed experimental values of Y. the term 

X1 and X2 are the coded levels of the independent variables and X1X2 represent the interaction 

and  represent the quadratic terms. The interaction terms show how the response changes 

when two factors were simultaneously changed. The second-degree term ( ) is included to 

investigate non-linearity. Statistical validity of the polynomials was done on the basis of 

ANOVA provisions of the MINITAB software. 3-D response surface plots were generated using 
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the MINITAB software to study the combined effect of different variables on the response. The 

optimum values of dependent variables to achieve the desired response were calculated using the 

numerical optimization tool along with desirability approach. 

Synthesis of GgR nanoparticles 

Table 2: Central composite design illustrating coded values of process variables along with 

the experimental and predicted values of the responses 

Ex. No X1 X2 X3 Y1 Y2 Y3 

Exp Pred Exp Pred Exp Pred 

1 1.00 1.00 0.10 56.50 60.95 694.20 685.49 -36.06 -36.94 

2 0.55 5.50 1.31 38.16 34.05 581.20 588.09 -46.31 -44.97 

3 1.00 10.00 0.10 81.25 78.99 266.30 242.98 -40.81 -41.96 

4 0.10 1.00 1.00 4.98 8.03 728.01 729.12 -5.48 -35.79 

5 0.55 5.50 0.55 18.98 16.92 195.50 198.00 -48.20 -47.67 

6 0.55 5.50 0.001 72.50 78.14 217.00 263.57 -46.61 -45.19 

7 0.55 5.50 0.55 17.25 16.92 235.95 198.00 -48.84 -47.67 

8 0.10 10.00 0.10 97.05 94.17 177.35 177.18 -48.65 -48.52 

9 0.55 0.001 0.55 10.35 4.73 630.80 674.85 -35.76 -33.50 

10 0.55 5.50 0.55 17.15 16.92 187.74 198.00 -47.97 -47.67 

11 0.01 5.500 0.55 33.78 42.28 127.70 156.28 -51.16 -50.81 

12 0.10 10.00 1.00 51.90 48.24 215.58 202.08 -47.58 -48.16 

13 1.00 1.00 1.00 4.01 7.68 948.12 926.07 -37.72 -39.31 

14 0.55 13.068 0.55 50.18 52.01 124.38 132.52 -39.09 -38.20 

15 0.55 5.50 0.55 26.50 16.92 247.70 198.00 -46.25 -47.67 

16 1.31 5.50 0.55 56.50 51.03 364.50 381.35 -52.68 -50.77 

17 1.00 10.00 1.00 54.80 60.21 168.35 180.98 -46.24 -46.89 

18 0.55 5.50 0.55 15.05 16.92 196.80 198.00 -46.24 -47.67 

19 0.10 1.00 0.10 93.08 88.46 436.50 401.65 -37.95 -38.72 

20 0.55 5.50 0.55 11.15 16.92 186.64 198.00 -46.28 -47.67 

X1- concentration of gellan gum, X2- concentration of AOT, X3- concentration of drug. 

Gellan gum nanoparticles were prepared by employing emulsion cross-linking method
29

. To 

optimize the formulation, gellan gum nanoparticles were prepared based on the central 

composite design as described in table 2. Briefly, a solution of purified gellan gum and 

raloxifene HCl were prepared in deionized water (pH 8.0) and methanol respectively.  Each one 

ml of this solution was emulsified into 3 ml of AOT solution in methylene chloride by sonication 

(Sonics, Vibracell, USA) for 1 minute over ice bath to form a primary emulsion. Secondary 

w/o/w emulsion was prepared by emulsifying the primary emulsion into 15 ml aqueous solution 

of polyvinyl alcohol (PVA, 3.5%, w/v) by sonication for 3 minutes over ice bath. Aqueous 

calcium chloride solution (5 ml, 60%, w/v) was added gradually to the above emulsion with 

continuous stirring. Methylene chloride was removed under vacuum using a rotary vacuum 

evaporator (Heidolph, Germany) and the nanoparticles formed were recovered by centrifugation 
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at 10,000 rpm for 1 hour. Nanoparticles were washed twice with deionized water, centrifuged to 

remove PVA and unentrapped drug. The pellet so obtained was resuspended in water and 

lyophilized. 

Evaluation of gellan gum nanoparticles 

The nanoparticles of gellan gum were evaluated for their particle size, zeta potential, 

morphology, encapsulation efficiency, and in vitro drug release characteristics. 

Zeta potential and average particle size analysis 

The stability of the nanoparticles system was evaluated by zeta potential measurements. Zeta 

potential and average particle size analysis was performed by DLS-Zeta Sizer Nano series 

(Malvern). The measurement was done at 25°C for 2 minutes.  

Scanning electron microscopy 

The morphology of the prepared GgR nanoparticles was examined by scanning electron 

microscope (Hitachi SU6600) with a Schottky field emission electron source operated under low 

vacuum condition. The sample was kept at a working distance of 10.9 mm from the electron gun 

and was illuminated with an electron beam operated at an accelerating voltage of 15 kV and 2 

µm magnifications.  

Encapsulation efficiency 

To calculate the actual drug loading, an accurately weighed quantity of nanoparticles was 

sonicated in 10 ml of methanol for 5 minutes, filtered through 0.45 µ syringe filter. The 

concentration of raloxifene was estimated using HPLC system (Hitachi, Japan) consisting of a 

pump (Model L2100), an auto sampler (Model L2200) and an ultraviolet detector (Model 

L2420). The analytes were detected at 287 nm using a C18 analytic column (Insertsil ODS3: 0.5 

µm 15×0, 46 cm
2
, GL Sciences Inc, Japan) with acetonitrile and phosphate buffer solution (pH 

3.0, 35:65, volume ratio) as mobile phase. Each analysis was performed in triplicate and the flow 

rate of the mobile phase was 1.0 ml/min at 40°C and Encapsulation efficiency was calculated 

using the following equation:  

%Encapsulation Efficiency = (Actual drug loading/ Theoretical drug loading) × 100 (3) 

RESULTS AND DISCUSSION 

Gellan gum is an anionic, water soluble heteropolysaccharide which forms insoluble gels on 

addition of calcium or sodium ions. AOT (Di-octyl sodium sulfosuccinate) is an anionic 

surfactant containing polar sulphosuccinate head group with large branching Di-octyl side chain. 

AOT forms reverse micelles in non-polar solvents such as methylene chloride and acquires 
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bilayer structure in multiple emulsions due to its double chain amphiphilic nature and also forms 

insoluble salt with cationic calcium ions. In the present study we have used gellan gum -AOT 

surfactant system to prepare GgR nanoparticles. The aqueous core of gellan gum was entrapped 

into the reverse micelles formed by the AOT in methylene chloride and further emulsified in the 

aqueous phase using PVA as a secondary emulsifier. Due to unique properties of the surfactant-

polymer system used in this study, the nanoparticles formed are expected to have a calcium 

crosslinked core composed of gellan and AOT head groups encircled by a hydrophobic matrix 

made of AOT side chains with the drug encapsulated in the core (Mahesh et al., 2007). Earlier 

studies on preparation of polymer nanoparticle by emulsion cross link methods showed that the 

concentration of polymer, surfactant and drug had significant influence on encapsulation, particle 

size, and zetapotential of the nanoparticles system. Particle size of the nanoparticles influences 

the drug bioavailability and zetapotential determines the nanoparticles stability. Zetapotential 

value of more than ±30mV indicates a nanoparticles formulation to be more stable
32

 and also 

affect the nanoparticle intra cellular distribution
33

. So, in this present study, concentrations of 

gellan gum, AOT and drug were selected as process variables for the optimization of % 

encapsulation (Y1), particle size (Y2) and zetapotential (Y3) which were taken as response 

variables. The optimization of process variables was carried out using a central composite design 

(Table. 2). The results of response generated using the experimental design was fitted into 

polynomial models and ANOVA test was applied to the polynomial models to estimate the 

significance of the model. The polynomial models obtained from regression analysis for the 

response variables Y1, Y2 and Y3 are given in equation 4, 5 and 6 respectively. 

Y1= 119.95-113.5X1-1.98 X2-210.0 X3+71.0 +0.185 +102.7 +1.52 X1X2+ 33.5 X1X3 

+4.26X2X3 …(4) 

Y2= 472.3+213.1X1-84.23X2-122.9X3+127.2 +5.974 +486.2 -26.92X1X2-107.3X1X3-

37.35X2X3 …5) 

Y3= -5.41+10.46X1-4.338X2 -2.58 X3-7.66 +0.2929 +6.18  +0.591X1X2-6.54X1X3-

0.317X2X3…(6) 

The polynomial equations comprise the coefficients for intercept, main effect, interaction terms 

and higher order effect. The sign and magnitude of the main effects signify the relative influence 

of each factor on the response. A negative sign denotes antagonistic effect and a positive sign 

indicates a synergistic effect. 
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ANOVA test on the quadratic regression model and details of the model summary statistics are 

presented in table 3 which reveals that the developed response surface model for three responses 

were significant and adequate without significant ‘lack of fit’. It can be observed that all the 

responses show R
2
 value >0.9 which indicates a good correlation between the experimental and 

predicted responses. The closure the value of R
2 

to 1, the better is the correlation between the 

observed and predicted values. In addition, the predicted R
2
 value is in reasonable good 

agreement with adjusted R
2
 value, resulting in reliable models. The factor effects and associated 

p-values for the responsesY1, Y2 and Y3 are presented in table 4. The data showed that 

significant factors affecting the response Y1 were the synergistic effects of linear contribution of 

X1, X2 and X3, quadratic contribution of X1 and X3 and interaction effects of X1 X3 and X2X3. The 

response Y2 was significantly affected by the synergistic effects of linear contribution of X3 and 

quadratic contributions of X1, X2 and X3 while Y2 was antagonistically affected by significant 

factor effects of linear contributions of X2 and interaction effects of X1X2 and X2X3. In case of 

zeta potential (Y3), antagonistic effect of linear effects of X1,X2, quadratic effects of X1 and 

interactive effect of X1X3 was observed. Y3was Synergistically affected by linear contributions 

of X3 and quadratic contribution of X2 and X3. 

Table 3: Summary of model parameters of the central composite design 

Response factor Model Lack of fit 

F-value Prob>F R
2
 Adj R

2
 Pred R

2
 F value Prob>F 

Y1 41.35 <0.0001` 0.9738 0.9503 0.8343 2.55 0.163 

Y2 98.53 <0.0001 0.9888 0.9788 0.9420 2.46 0.172 

Y3 21.77 <0.0001 0.9514 0.9077 0.6799 2.96 0.129 

Table 4: Factor effect and p-values for responses Y1, Y2, and Y3. 

Factor Y1 Y2 Y3 

 Factor effect p-value Factor effect p-value Factor effect p-value 

 
134.8 0.025 -227 0.426 -30.23 0.042 

 
20.24 0.003 -268.1 <0.001 -4.890 0.004 

 
8467 <0.001 46311 <0.001 55.00 0.035 

 
28.74 <0.001 51.5 0.043 -3.100 0.015 

 
0.0749 0.101 2.419 <0.001 0.11863 <0.001 

 
4160 0.000 19691 <0.001 250.4 0.038 

 
0.616 0.213 -10.90 0.001 0.2392 0.068 

 
135.8 0.015 -434 0.108 -26.48 0.047 

 
17.25 0.004 -151.3 <0.000 -1.282 0.298 
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Figure 1. Response surface plots showing combination effect (a) gellan gum and AOT, ( b) 

AOT and drug and (c)gellan gum and drug, on % encapsulation of GgR nanoparticles 

formulation 
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Figure 2. Response surface plots showing combination effect (a) AOT and gellan gum, ( b) 

AOT and drug and (c)gellan gum and drug, on particle size of GgR nanoparticles 

formulation 
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Figure 3. Response surface plots showing combination effect (a) gellan gum and AOT, (b) 

AOT and drug and (c) gellan gum and drug, on zetapotancial of GgR nanoparticles 

formulation 
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The 3-D response surface plots were constructed using the models generated by central 

composite design (Figures. 1–3). Figure 1 exhibits the combined effect of concentrations of 

gellan gum/ AOT, AOT /drug and gellan gum/Drug, respectively on % encapsulation of GgR 

nanoparticles. The plot (Figure. 1a) shows the combined effect of concentration of AOT (X2) and 

concentration of drug (X3) on % encapsulation. It shows that the effect of AOT is more 

pronounced than the effect of drug concentration. Thus, concentration of AOT is the limiting 

factor; any smaller variation in AOT concentration will greatly impact the %encapsulation. In 

this study gellan gum act as a nano-reservoir encapsulated with drug, increasing the amount of 

AOT allows encapsulation of more drugs within the matrix. The maximum encapsulation of drug 

within the matrix occurs in nanoparticles prepared using minimum drug concentration and higher 

AOT concentration. Figure 1b illustrates the combined effect of concentration of AOT and drug, 

on % encapsulation. It shows that increasing the drug concentration up to a certain level and 

AOT concentration spontaneously increases the % encapsulation.   The plot (Figure. 1c) shows 

the combined effect of gellan gum and drug on % encapsulation. It shows that % encapsulation 

will increase while reducing gellan gum and drug concentration from a certain level. 

The combined effect of concentrations of AOT/gellan gum, AOT/drug and gellan gum /drug, 

respectively on particle size of GgR nanoparticles formulation is given in Figure. 2. The plot 

(Figure. 2a) show an antagonistic curvilinear relationship between the AOT/gellan gum and 

particle size, with the effect of AOT more pronounced than the gellan gum. AOT, an anionic 

surfactant forms reverse micelles, increasing the concentration of AOT in the system decreases 

the particle size.  A curvilinear synergistic relationship between the drug and particle size, while 

a curvilinear antagonistic relationship between the gum and particle size can be observed 

(Figure. 2b). Increasing the concentration of drug increases the size of the core matrix 

encapsulating the drug which results in an increase in particle size. Figure 2(c) displays the 

combined effect of drug concentration and concentration of AOT on particle size, with the effect 

of AOT more pronounced than the drug concentration. 

Figure 3 shows the combined effect of concentrations of gellan gum/AOT, AOT/drug and gellan 

gum/drug on the zeta potential. It can be observed that AOT, which coats the core comprising of 

matrix of drug and gum, had the most pronounced effect on zeta potential. AOT being anionic 

imparts negative charge on the nanoparticles, which increases in magnitude with increasing the 

concentration of AOT. Desirability approach was applied to develop a new formulation with the 

optimized responses. This was done with a restricted range for individual responses, 

%encapsulation (Y1) in the range of 4–98%, particle size (Y2) in the range of 125–900 nm, and 
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the value of zeta potential (Y3) between −52 to −35 mV as the desired levels to find the optimum 

levels of process variables in the new formulation. The optimal concentration of process 

variables were 1.31, 9.87 and 1.08, respectively for gellan gum (%, w/v), AOT (%, w/v) and 

raloxifene HCl (%, w/v). 

CONCLUSION 

Raloxifene loaded gellan gum nanoparticles were successfully prepared and the process variables 

for the preparation of nanoparticles viz concentrations of gellan gum , AOT and raloxifene were 

optimized using a central composite design to get a better formulation with optimum levels of % 

encapsulation, particle size and zeta potential. Concentration of AOT showed highest impact on 

% encapsulation, particle size and zeta potential than the concentration of gellan gum and drug. 

Higher concentration of AOT in the system exhibited lower particle sizes with higher zeta 

potential and higher % encapsulation. At lower concentration of drug and gellan gum, the 

nanoparticles system showed higher % encapsulation and smaller particle size. Optimum 

concentration of gellan gum, AOT and drug were found to be 1.31%, w/v 9.87%, w/v and 

1.08%, w/v respectively and at these optimum levels of process variables, the nanoparticles 

system exhibited 97% encapsulation, 256 nm particle size and -49 mV zeta potential.   

ACKNOWLEDGMENT 

We would like to thank Mr. S. Balamurugan, School of Nano science & Technology, NIT 

Calicut for assistance to perform SEM and DLS analysis.  

REFERENCES 

1. Banik RM, Santhiagu A. Improvement in production and quality of gellan gum by 

Sphingomonas paucimobilis under high dissolved oxygen tension levels. Biotechnol Lett 

2006; 28(17):1347–50. 

2. Meseguer G, Buri P, Plazonnet B, Rozier A, Gurny R. Gamma scintigraphic comparision of 

eye drops containing pilocarpine in healthy volunteers. J Ocul Pharmacol Ther 1996; 12:481-

488. 

3. Carlfors J, Edsman K, Peterson R, Jornving K. Rheological evaluation of gelrite in situ for 

opthalmic use. Eur J Pharm Sci 1998; 6(2):113-9. 

4. Ike-Unor UO, Ofoefule SI, Chukwu A. Evaluation of gellan gum as a potential 

pharmaceutical adjuvant: Binding properties in tablets containing a poorly water soluble and 

poorly compressible drug. J Drug Deliv Sci Technol 2006; 16:397–401. 



Prakash et al., Am. J. Pharm Health Res 2014;2(8)     ISSN: 2321-3647 

www.ajphr.com  47 

 

5. Alhaique F, Santucci E, Carafa M, Coviello T, Murtas E, Riccieri FM. Gellan in sustained 

release formulations: preparation of gel capsules and release studies. Biomaterials 1996; 

17(20):1981-1986. 

6. Li J, Kamath K, Dwivedi C. Gellan film as an implant for insulin delivery. J Biomater Appl 

2001; 15:321–43. 

7. Jana S, Das A, Nayak AK, Sen KK, Basu SK. Aceclofenac-loaded unsaturated esterified 

alginate/gellan gum microspheres: In vitro and in vivo assessment. Int J Biol Macromol 

2013; 57:129-137. 

8. Fattah EA, Grant DJ, Gabr KE, Meshali MM. Physical characterstics and release behaviour 

of salbutamol sulphate beads prepared with different ionic polysaccharide. Drug Dev Ind 

Pharm 1998; 24:541-7. 

9. Karthika JS, Vishalakshi B. Synthesis, swelling behaviour, salt- and pH- sensitivity of 

crosslinked gellan gum-graft-poly (acrylamide-co-itaconic acid)hydrogels. Der Pharma 

Chem 2013; 5(2):185-192. 

10. Herrera MGS, Berli CL, Padilla LPM. Physicochemical and rheological properties of oil-in-

water emulsions prepared with sodium caseinate/gellan gum mixtures. Food Hydrocoll 2008; 

22(5):934–942. 

11. Hagen TLT, Seynhaeve AL, Tiel ST, Ruiter DJ, Eggermont AM. Pegylated liposomal tumor 

necrosis factor-alpha results in reduced toxicity and synergistic antitumor activity after 

systemic administration in combination with liposomal doxorubicin (Doxil) in soft tissue 

sarcoma-bearing rats. Int J Cancer 2002; 97(1):115-20. 

12. Gabizon A, Shmeeda H, Barenholz Y. Pharmacokinetics of pegylated liposomal 

Doxorubicin: review of animal and human studies. Clin Pharmacokinet 2003; 42(5):419-36. 

13. Gabizon AA. Selective tumor localization and improved therapeutic index of anthracyclines 

encapsulated in long-circulating liposomes. Cancer Res 1992; 52:891–6. 

14. Northfelt DW, Martin FJ, Working P, Volberding PA, Russell J, Newman M, Amantea MA, 

Kaplan LD. Doxorubicin encapsulated in liposomes containing surface-bound polyethylene 

glycol: Pharmacokinetics, tumor localization, and safety in patients with AIDS-related 

Kaposi’s sarcoma. J Clin Pharmacol 1996; 36(1):55–63. 

15. Alexis F, Basto P, Levy-Nissenbaum E, Radovic-Moreno AF, Zhang L, Pridgen E, Wang 

AZ, Marein SL, Westerhof K, Molnar LK, Farokhzad OC. HER-2-targeted nanoparticle-

affibody bioconjugates for cancer therapy. ChemMedChem 2008; 3(12):1839–1843. 



Prakash et al., Am. J. Pharm Health Res 2014;2(8)     ISSN: 2321-3647 

www.ajphr.com  48 

 

16. Hans M, Lowman AM. Biodegradable nanoparticles for drug delivery and targeting. Curr 

Opin Solid State Mater Sci 2002; 6:319-327. 

17. Zhang L, Radovic-Moreno AF, Alexis F, Gu FX, Basto PA, Bagalkot V, Jon S, Langer RS, 

Farokhzad OC. Co-delivery of hydrophobic and hydrophilic drugs from nanoparticle-aptamer 

bioconjugates. ChemMedChem 2007; 2(9):1268–1271. 

18. Teeter JS, Meyerhoff RD. Environmental fate and chemistry of raloxifene hydrochloride. 

Environmental Toxicology and Chemistry 2002; 21:729–736. 

19. Garg A, Singh S, Rao VU, Bindu K, Balasubramaniam J. Solid state interaction of raloxifene 

HCl with different hydrophilic carriers during co-grinding and its effect on dissolution rate. 

Drug Dev Ind Pharm 2009; 35:455–70. 

20. Kavas A, Cagatay ST, Banerjee S, Keskin D, Tezcaner A. Potential of raloxifene in reversing 

osteoarthritis-like alterations in rat chondrocytes: An in vitro model study. J Biosci 2013; 

38(1):135–47. 

21. Sato M, Glasebrook LA, Bryant HU. Raloxifene: A selective estrogen receptor modulator. J 

Bone Miner Metab 1994; 12(2):S9-S20. 

22. Hoffman KL, Lerner SP, Smith CL. Raloxifene inhibits growth of RT4 urothelial carcinoma 

cells via estrogen receptor-dependent induction of apoptosis and inhibition of proliferation. 

Horm Cancer 2012; 4:24–35. 

23. Hattori Y, Kojima T, Kato D, Matsubara H, Takigawa M, Ishiguro N. A selective estrogen 

receptor modulator inhibits tumor necrosis factor-α-induced apoptosis through the ERK1/2 

signaling pathway in human chondrocytes. Biochem Biophys Res Commun 2012; 

421(3):418-424. 

24. Olivier S, Close P, Castermans E, Leval LD, Tabruyn S, Chariot A, Malaise M, Merville MP, 

Bours V, and Franchimont N. Raloxifene-induced myeloma cell apoptosis: A study of 

nuclear factor-κB inhibition and gene expression signature. Mol Pharmacol 2006; 69:1615-

1623. 

25. Burraa M, Jukanti R, Janga KY, Sunkavalli S, Velpula A, Ampati S, Jayaveera KN. 

Enhanced intestinal absorption and bioavailability of raloxifene hydrochloride via 

lyophilized solid lipid nanoparticles. Adv Powder Technol 2013; 24:393–402. 

26. Keshavarz A, Karimi-Sabet J, Fattahi A, Golzary A, Rafiee-Tehrani M, Dorkoosh FA. 

Preparation and characterization of raloxifene nanoparticles using Rapid Expansion of 

Supercritical Solution (RESS). J Supercrit Fluids 2012; 63:169-79. 



Prakash et al., Am. J. Pharm Health Res 2014;2(8)     ISSN: 2321-3647 

www.ajphr.com  49 

 

27. Tran TH, Poudel BK, Marasini N, Woo JS, Choi HG, Yong CS, Kim JO. Development of 

raloxifene-solid dispersion with improved oral bioavailability via spray-drying technique. 

Arch Pharmacal Res 2013; 36:86–93. 

28. Bikiaris D, Karavelidis V, Karavas E. Novel biodegradable polyesters synthesis and 

application as drug carriers for the preparation of raloxifene HCl loaded nanoparticles. 

Molecules 2009; 14(7):2410–30. 

29. Prakash JS, Santhiagu A, Jasemine S. Preparation, Characterization and In Vitro Evaluation 

of Novel Gellan Gum-Raloxifene HCl Nanoparticles. J. Pharm. BioSci 2014; 2:63-71. 

30. Dreveton E, Monot F, Lecourtier J, Ballerina D, Choplin L. Influence of fermentation 

hydrodynamics on gellan gum physico-chemical characteristics. J Ferment Bioeng 1996; 

82:272-6. 

31. Paul GC, kent CA, Thomas CR. Quantitative characterization of vacuolization in penicillium 

chyrsogenum using automatic image analysis. Trans IChemE 1992; 70:13-20. 

32. Patravale VB, abhijit AD, Kulkarni RM. Nanosuspensions: a promising drug delivery 

strategy. Journal of pharmacy and pharmacology2004; 56(7):827-840. 

33. Panyam J, Zhou WZ, Prabha S, Sahoo SK, Labhasetwar V. Rapid endo-lysosomal escape of 

poly (DL-lactide-co-glycolide) nanoparticles: implications for drug and gene delivery. The 

FASEB Journal 2002; 16(10): 1217-1226. 

 

 

 

 

 

 

 

 

 
AJPHR is 

 Peer-reviewed 

 monthly 

 Rapid publication 

Submit your next manuscript at 

editor@ajphr.com / editor.ajphr@gmail.com 

mailto:editor@ajptr.com
mailto:editor@ajptr.com
mailto:editor@ajptr.com
mailto:editor@ajptr.com
mailto:editor@ajptr.com

